Background: The purpose of the present study was to envisage the anti-plaque and anti-inflammatory properties of neem (Azadirachta) in the form of a mouth gel. Materials and Methods: A total of 60 subjects (33 males and 27 females) from age group 19 -35 years, suffering from mild to moderate gingivitis were randomly divided into two groups. Group A (n = 30) participants were advised experimental (neem) gel and Group B (n = 30) participants were advised 0.2% chlorhexidine gel. All the clinical parameters (the gingival index by Loe and Silness [1], Plaque index by Silness and Loe [2] and sulcus bleeding index by Muhlemann H. R. and Sen S. [3]) were recorded at baseline, on the 14 th day and 21 st day by the same clinician in both groups. Results: on intragroup comparison the gingival index, plaque index and sulcus bleeding index decrease significantly in both the groups in all assessed periods. On intergroup comparison the indices did not differ significantly at baseline but after 2 nd and 3 rd week, the indices in Group B decrease more than the group A, which was statistically significant. Conclusion: Based on the observations of our study, it can be concluded that chlorhexidine gluconate as well as neem gel can be effectively used as an adjunct to mechanical plaque control in prevention of plaque and gingivitis. chlorhexidine gluconate gel has been found to be more effective when antiplaque and anti-inflammatory properties were considered. The effect of neem observed maybe because of its anti-inflammatory action. The antiplaque action of chlorhexidine gluconate is due to its substantivity. Substantivity of neem is required to be further studied.
Introduction
Gingivitis is a form of periodontal disease which affects most of the children and adult populations. It usually precedes periodontitis which can lead to tooth loss.
Bacterial plaque is the major etiological factor in gingivitis [4] .
Mechanical removal of bacterial plaque is an established method for maintaining good oral hygiene. However, studies have shown that the accurate and complete mechanical plaque control methods are difficult to follow because dexterity necessitates for good oral hygiene could be beyond the ability of most of the population. Studies in India have demonstrated that very few people brush twice and floss once daily [5] . Therefore many chemotherapeutic agents have been introduced such as essential oils, fluorides, bisbiguanides, sanguinarine, quaternary ammonium salts, and triclosan which help in prevention of periodontal diseases. Among them, chlorhexidine is regarded as gold standard in dentistry; however it has certain side effects such as brown discoloration of the teeth, oral mucosal erosion, and bitter taste [6] . Hence, there is a requirement of an alternative medicine.
Plant-based medicines emerged as new treatment modalities for periodontal diseases. This will help to overcome microbial drug resistance caused by misuse of chemotherapeutic agents.
Azadirachta indica (Neem) is the most useful traditional medicinal plant and considered as "Village dispensary" in India. Twigs of the neem (datoon) are used by a significant portion of the population to maintain oral hygiene [7] .
Neem has been considered to have various activities such as antibacterial, astringent, antiseptic, insecticidal, anti-ulcer and for cleaning the teeth in pyorrhoea and other dental diseases [8] .
Considering the above statements, this study was conducted using the purest and soluble form of neem to test its anti-plaque and anti-inflammatory properties in the form of a mouth gel.
Materials and Methods
The study was conducted in the Department of Periodontology, in collaboration with the Department of Oral and Maxillofacial Surgery, Faculty of Dental Sciences, King George's Medical University, Lucknow, India and National Botanical Research Institute, Lucknow. The study unit consisted of patients of chronic gingivitis. Anti-plaque and anti-gingivitis properties of Neem-based gel were compared with chlorhexidine (CHX) gel. Since chlorhexidine is considered to be gold standard among all available chemicals in prevention of gingivitis due to its antiplaque and anti-inflammatory properties, so we used to compare it with neem. 
Sample Size
Assuming 80% power, 5% significance level (95% confidence interval), the sample calculation.
Test revealed that >11 patients in each of the two groups. A total of 60 subjects (33 males and 27 females) from age group 19 -35 years who met the following inclusion criteria were included:
Inclusion criteria: 1) subjects with mild to moderate gingivitis; 2) subjects having all the teeth erupted (third molars not included).
Exclusion criteria: 1) smokers; 2) subjects suffering from systemic diseases;
3) pregnant and lactating females; 4) subjects with oral habits such as bruxism, mouth breathing; 5) subjects wearing any appliances or prosthesis.
Study Design
Simple random sampling was followed and the participants were assigned to two groups.
Group A (n = 30)-participants were advised experimental (Neem) gel.
Group B (n = 30)-participants in this group were advised 0.2% chlorhexidine gel.
All the clinical parameters (the gingival index by Loe and Silness [1] , Plaque index by Silness and Loe [2] and sulcus bleeding index by Muhlemann H. R. and Sen S. [3] ) were recorded at baseline, on the 14 th day and 21 st day by the same clinician in both groups.
Clinical Parameters
Gingival index (Loe and Silness [1] )-scoring criteria. 
Preparation of Neem and Chlorhexidine Gel
Preparation of gel: 12 gm Xanthan gum was taken in a beaker and dispersed in 50 ml of distilled water. Kept the beaker aside to swell the Xanthan gum for half an hour and then stirring should be done using stirrer at 1800 rpm for 25 min.
Take 5 ml of propylene glycol and required quantity of Extract. Take 5 ml propylene glycol in another beaker and add weighed quantity of propyl paraben and methyl paraben to it and stirred properly. After all Xanthan gum dispersed, Extract (neem) and preservatives solutions were added with constant stirring, and to obtain the gel at required consistency.
Chlorhexidine gel (Elugel-0.2%) was procured from Win-Medicare Pvt limited.
Intervention
Participants in both the groups received oral hygiene instruction along with fullmouth scaling and polishing immediately after the base line clinical assessment.
Instructions for maintenance of oral hygiene were given. For a period of 21 days, the group A was advised to use neem gel and group B was advised to use chlorhexidine gel twice daily after brushing. The subjects were given demonstrations and trained regarding the application of the respective formulation to minimize the variation.
Statistical Analysis
The data were subjected to statistical analysis after tabulating the clinical data for the patients of both groups included in this study. Changes in clinical data are presented as mean ± SD. Reduction in severity of gingivitis in the two groups was statistically tested for significance. Parametric tests (Student's t-test) were used for normally distributed data.
Outcome Measures (Figure 1)
Plaque Index (PI)
On intra group analysis ( (Table 2) .
Further, comparing the mean PI between the groups (Table 3) , the PI did not differ (P > 0.05) between the two groups at baseline indicating that PI was comparable. After 2 nd week, the mean PI in Group B decrease more than the group A which was statistically significant (P < 0.001). However, after 3 rd week, the mean PI in Group B decrease more than the Group A which was statistically not significant (P >0.05). Open Journal of Stomatology (Table 2) .
Further, comparing the mean GI between the groups (Table 3) , the GI did not differ (P > 0.05) between the two groups at baseline indicating that GI was comparable. However, after 2 nd , the mean GI in CHX group (0.52 ± 0.02) decreases significantly (P < 0.001) more as compared to the neem gel group (0.77 ± 0.10). weeks as compared to 2 weeks (Table 2) .
Further, comparing the mean SBI between the groups ( 
Discussion
The accumulation bacterial biofilm at the gingival margin is act as primary etiological factor in development of chronic gingivitis. Several chemical plaque control agents have been introduced to improve mechanical oral hygiene procedures. Chlorhexidine has been regarded as a "gold" standard in dentistry for the prevention of plaque and gingivitis. Chlorhexidine mouthwash though very effective also has certain side effects such as brown discoloration of the teeth and oral mucosal erosion [9] . Ethanolic leaf extract of neem shows significant antibacterial activity against selected acidogenic oral bacteria causing dental plaque in fixed orthodontic appliance patients [10] .
This study was conducted to explore the clinical efficacy of neem gel in chronic gingivitis patients.
In our study, Group A (neem) and Group B (CHX) did not differ statistically in the demographic and periodontal conditions at baseline. No significant difference was observed in mean age between neem group and CHX group. The two groups were comparable and had not influenced the study outcome meas-
ures.
In contrast to our study, Balappanavar et al. (2013) [11] shown that on intra group analysis of neem group, decrease in PI at 3 rd week (0.44 ± 0.53) was nonsignificant when compared with baseline (1.52 ± 0.06). Open Journal of Stomatology
Chemical analyses of neem stick extract confirmed the presence of hydrolyzable tannins. The galloyl radical of the tannins was important for inhibition of glucan activity and anti-plaque activity of some tannins. Although mechanism of action of polyphenolic tannins as anti-plaque agent is not known clearly, it can be hypothesized that tannins effectively bind to surface associated bacterial proteins, which results in the formation of bacterial aggregates and loss of glucosyl transferase activity. Inhibition of glucosyl transferase activity could lead to decrease in plaque formation [12] [13].
Patel and Venkatakrishna (1988) [14] reported that Neem have better efficacy in reducing the human plaque cultures and gram-negative bacteria compared to the commercially available dentifrice. Chlorhexidine has been established as most effective antiplaque agent. It is broad spectrum antiseptic acting against gram + ve and gram -ve bacteria as well as fungi and viruses.
Comparing the mean PI between the groups, the PI did not differ (P > 0.05) between the two groups at baseline. However, after 2 nd week, the mean PI in CHX group decreases significantly (P < 0.001) more than neem group. After 3 rd
week, the mean PI in CHX group decreases more than neem group which was non-significant (P > 0.05). This may be due to the property of substantivity of chlorhexidine and also the action of chlorhexidine at different levels of plaque formation.
In contrast to our study Balappanavar et al. (2013) [11] demonstrated that on intergroup comparison, decrease in mean PI significantly (P < 0.001) more in neem group than Chlorhexidine group at 2 weeks. The use of gallotannin-enriched extract of neem results in aggregation of bacteria by inhibiting insoluble glucan synthesis. Neem gel act as anti-plaque agent by inhibiting the colonization of streptococci to the tooth surfaces and found to be beneficial in reducing the plaque index [15] [16] [17] .
In our study, after intra group analysis of plaque index (PI), significant reduction was found in PI on reassessment (after 2 nd and 3 rd week) in neem group with mean (± SD) 1.65 ± 0.21 and 2.01 ± 0.16, respectively as compared to baseline. These results are consistent with the findings of other studies [18] [19] [20] [21] , showing the anti-plaque effects of neem.
In our study, the anti-inflammatory action of neem was evaluated on clinical parameters using the Gingival Index (GI), which showed a significant reduction after 2 nd and 3 rd week with mean (± SD) 1.67 ± 0.16 and 2.00 ± 0.12, respectively when compared with baseline. On intra group analysis, the SBI in Group A (neem gel) decreases significantly after 2 nd and 3 rd week with mean (± SD) 2.56 ± 0.24 and 2.86 ± 0.20, respectively as compared to baseline.
The study of Alam et al. (1999) [18] showed the anti-inflammatory activity of Neem against macrophase migration inhibitory factor and due to inhibition of the PMN oxidative burst [19] .
Study conducted by Bhargava, K. P. et al. (1970) [20] demonstrated that neem significantly (P < 0.001) reduce gingival inflammation after 3 rd week when compared with baseline similar to our study. In contrast to our study, Balappanavar Open Journal of Stomatology (2013) [11] reported that neem decreases GI at 3rd week (1.0 ± 0.5) which was non-significant when compared with baseline (2.50 ± 0.71).
In our study the mean GI and SBI in both the groups decrease after the treatment, and the decrease was evident significantly (P < 0.001) higher in Group B (CHX) than Group A (neem). Antibacterial properties of neem help to remove many oral aerobic and anaerobic pathogens existing in the oral cavity.
In oppose to our results Chatterjee et al. (2011) [13] and Botelho et al. (2008) [12] shown that on comparison between neem group and CHX group, statistically no significant difference were observed in GI and SBI at 1 month after treatment. Similarly a systematic review also shows no significant statistical difference in PI and GI between neem and chlorhexidine after treatment. It may be due to quality of reporting of RCTs and quality of evidence for treatment outcomes were low raising concerns about study conductance and results [21] .
Nimbidin, azadirachtin and nimbinin are active compounds present in Neem which are responsible for antibacterial activity. The chief active constituent of Neem is azadirachtin, which is an effective antimicrobial agent [22] . It is also effective against periodontal pathogens, and dental plaque. Also Botelho et al. [12] in their experiments and trials concluded that Azadirachta indica is highly efficacious in the treatment of periodontal disease and exhibiting its biocompatibility with human periodontal fibroblast [13] .
Twigs of neem tree are used as chewing sticks by people all over India [23] . Neem bark and leaf extract is a remedy for tooth decay, oral infections, prevents bleeding and sore gums. Studies indicate that leaf extract of A. indica-based mouth rinse is highly efficacious and that it may be used as an alternative therapy in the treatment of periodontal disease [12] .
Conclusions
Both the mouth gels (neem and chlorhexidine) used in our study were effective in the reduction of plaque and gingival inflammation in gingivitis patients. This study demonstrated the use of neem in treating the oral infections by inhibiting the plaque growth and anti-inflammatory activity. Thus, it can be used as an adjunct to mechanical therapy for treating plaque induced gingivitis. However, chlorhexidine gel showed better effectiveness in reducing plaque and gingivitis than neem gel due to its substantivity.
Further long-term studies on a large sample are required to evaluate the efficacy and substantivity of neem gel as anti-gingivitis agent.
